Background and Purpose-Socioeconomic status is inversely associated with mortality after stroke; however, the reasons behind this finding are not well-understood. We undertook a study to determine whether posthospitalization care and medication adherence vary with neighborhood income. Methods-We conducted a cohort study of 11 050 patients with ischemic stroke or transient ischemic attack admitted to any of 11 specialized stroke centers in Ontario, Canada, between July 1, 2003 and March 31, 2008. Socioeconomic status measured as neighborhood income quintiles was imputed from the 2006 Canadian Census. We used linkages to administrative databases to evaluate processes of stroke care and medication adherence within 1 year of discharge. We used multivariable analyses to assess whether differences in stroke care and medication adherence existed across income groups after adjustment for age, sex, stroke severity, and comorbid conditions. Results-Higher income was associated with higher rates of stroke unit admission, neurology consultations, referrals to secondary prevention clinics, and physician visits after hospital discharge; however, the absolute differences in rates were small. There was no difference across income quintiles in the use of postdischarge homecare services or in adherence to antihypertensive, antithrombotic, or lipid-lowering medications. Conclusions-Higher income is associated with improvements in some aspects of stroke care delivery. However, the magnitude of the care gap across income quintiles is small and is unlikely to account for the previously observed association between socioeconomic status and survival after stroke. (Stroke. 2013;44:00-00.)
S
ocioeconomic status is an important predictor of health status and mortality in most industrialized nations, with an inverse association between socioeconomic status and both incidence and mortality from stroke and other cardiovascular diseases. [1] [2] [3] [4] [5] Various measures of socioeconomic status, including income, wealth, and education, all have been linked to stroke outcomes, as have both individual-level and area-level socioeconomic factors. [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] The mechanisms by which socioeconomic status affects stroke incidence and fatality are not well-established. Lower socioeconomic status is associated with vascular risk factors and comorbidities that contribute to higher stroke incidence and are likely to decrease survival after stroke. 11, [21] [22] [23] Some studies also have suggested an association between socioeconomic status and the quality of stroke care delivery; however, results from previous studies have been inconsistent. 8, [23] [24] [25] Most research has focused on care during the acute stroke hospitalization, and little is known about whether socioeconomic differences exist in risk factor modification or in the quality or intensity of postdischarge care.
We used a clinical database, the Registry of the Canadian Stroke Network (RCSN), linked to population-based administrative databases to determine whether socioeconomic status, defined as neighborhood income group, is associated with stroke care delivery, follow-up visits, and medication adherence within 1 year of admission for acute stroke or transient ischemic attack.
Methods

Setting
We conducted a retrospective analysis of Ontarians admitted with acute stroke or transient ischemic attack to any of 11 regional stroke centers between June 1, 2003 and March 31, 2008 . These institutions each examine 500 to 1000 stroke cases annually (≈20% of all stroke/ transient ischemic attack cases in the province), and all are largevolume tertiary care centers with stroke care expertise and the capacity to administer thrombolysis and perform neurosurgery. Provincial residents have universal access to hospital care, physicians' services, and postdischarge health services, including nursing, physiotherapy, and occupational therapy; residents aged ≥65 years have universal access to prescription drugs covered by the provincial formulary.
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Data Sources and Study Sample
The RCSN collects detailed information on acute stroke management, including prehospital and emergency services and in-hospital care, complications, and outcomes for all consecutive patients examined at regional stroke centers. Chart abstraction is performed by trained neurology research nurses, and validation by duplicate chart abstraction has shown excellent agreement for key variables, including age, sex, stroke type, use of thrombolysis, and stroke unit care. 26 The data collection software forces chart abstraction personnel to perform complete data entry before the case record can be submitted for inclusion in the database, ensuring that there are no missing data. The RCSN is prescribed under provincial privacy legislation so that chart abstraction may be performed without individual patient consent. The RCSN is housed at the Institute for Clinical Evaluative Sciences, where it is linked to population-based administrative databases using unique anonymized patient identifiers. We used the physician claims database to provide data on follow-up visits, the Community Care Access Center database to provide data on nursing, physiotherapy, and occupational therapy services provided after discharge, and the Ontario Drug Benefits Database to provide data on prescription claims, including the quantity and dates of drugs dispensed, for patients aged ≥65 years.
For the present study, we included all patients with ischemic stroke or transient ischemic attack who were admitted to hospital and discharged alive. For patients with >1 stroke event during the study period, only the first event was included in the present analyses. Patients with strokes that occurred as in-hospital complications, those with invalid postal codes, and those with income quintiles that could not be determined were excluded.
Assessment of Socioeconomic Status
The RCSN database does not contain individual-level measures of socioeconomic status; therefore, socioeconomic status was imputed using median neighborhood income based on the 2006 Canada Census database. Patients from the RCSN were linked to the dissemination area of their principal residence using the Statistics Canada Postal Code Conversion File. On the basis of median income in each dissemination area, neighborhoods were divided into income quintiles, with quintiles 1 and 5 having the lowest and highest median incomes, respectively.
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Outcomes
Using the RCSN database, we evaluated the following outcomes across income quintiles: (1) the use of thrombolysis, stroke unit care, and neurologist consultation during the initial acute stroke hospitalization; (2) referrals to specialized stroke secondary prevention clinics; (3) discharges to inpatient rehabilitation facilities; and (4) prescriptions of antihypertensive, antithrombotic, and lipid-lowering medications at discharge. Using the Community Care Access Center and physician claims databases, we determined the proportion of patients who received outpatient nursing, physiotherapy, occupational therapy, speech language pathology services, or physician visits during the first 3 months after an acute stroke admission. Using the Ontario Drug Benefits database, we evaluated adherence to antihypertensive medications (including angiotensin-converting enzyme inhibitors, diuretics, beta blockers, calcium channel blockers, and angiotensin receptor blockers), 3′-hydroxymethyl glutaryl coenzyme A reductase inhibitors (statins), and warfarin (in the subgroup of patients with atrial fibrillation) within 1 year of discharge.
Statistical Analysis
Patient baseline characteristics and outcomes were compared across income groups using a Cochran-Armitage trend test for categorical variables and simple linear regression and median regression for continuous variables. Where differences in outcomes were observed, multivariable logistic regression models were developed to determine the relationship of neighborhood income to these outcomes, with adjustment for age, sex, rural residence, stroke type, stroke severity, and time from stroke onset to hospital arrival.
Analyses of medication adherence were performed for the subgroup of patients aged ≥66 years, who were admitted to hospital between July 1, 2003 and March 31, 2006, who were alive at 3 months after discharge, and who filled a medication prescription within 3 months of hospital discharge. To simplify presentation of these results, income quintiles were collapsed into 3 groups: low income (the 2 lowest income quintiles); medium income (containing the third and fourth quintiles); and high income (containing the highest income quintile). We calculated the 1-year proportion of days covered (PDC), defined as the number of days a patient had a medication available during the year divided by 365, for each patient and each drug class. For patients who died during this period, we used survival time since the first prescription fill as the denominator. PDC values were categorized as ≥0.8 to reflect high adherence and as <0.8 to reflect suboptimal adherence, because PDCs >0.8 have been associated with improved blood pressure control and reduced mortality compared with lower levels of adherence. [27] [28] [29] [30] Differences in PDC across income groups were compared using χ 2 tests. SAS version 9.1 was used for all analyses. The study was approved by the Research Ethics Board of the Sunnybrook Health Sciences Center, Toronto, Canada.
Results
After exclusions, the study sample consisted of 11 050 patients admitted to hospital with stroke or transient ischemic attack. Overall, 47.1% were women, and the median age was 74 years (Table 1) . Those in the higher income quintiles were more likely to be men and white than those in the lower income quintiles, and they were less likely to live alone, to smoke cigarettes, and to have coronary artery disease or diabetes mellitus (Table 1) .
Stroke type and severity were similar across income quintiles (Table 2 ). Higher socioeconomic status was associated with a shorter duration between stroke onset and hospital arrival ( Table 2 ). There was no significant difference in the use of neuroimaging, carotid imaging, antithrombotic therapy, lipid-lowering therapy, or warfarin for ischemic stroke with atrial fibrillation across income quintiles (Table 2) . However, higher neighborhood income was associated with increased rates of admission to a stroke unit (66.7% in the highest compared with 63.8% in the lowest income quintile; P=0.02), care by a neurologist (75.0% vs 68.1%; P<0.001), and use of thrombolysis for ischemic stroke (14.6% vs 12.8%; P=0.04; Table 2 ), and these differences persisted even after adjustment for age, sex, comorbid conditions, and stroke severity (data not shown). The difference in thrombolysis rates by income quintile was no longer significant once the analysis was restricted to patients presenting within 3 hours of symptom onset.
Rates of discharge to inpatient rehabilitation facilities were similar across income quintiles (Table 3) . However, those in the higher income quintiles were more likely to be referred to stroke secondary prevention clinics compared with those in the lower income quintiles (43.3% for the highest income quintile vs 33.8% for the lowest quintile; P<0.001; Table  3 ), even after adjustment for age and other factors (data not shown). Within the first 3 months of discharge, there was no significant difference across income quintiles in the proportion of patients receiving home care nursing, physiotherapy, occupational therapy, or speech language pathology, or in the median number of visits for each of these services; however, higher income was associated with an increased number of physician visits (mean number of visits 4.5 for the highest vs 4.2 for the lowest income quintile; P<0.001; Table 3 ). In the subgroup of patients aged ≥66 years who filled a prescription within 3 months of discharge, the proportion of patients who were highly adherent (with a PDC >0.8) ranged from a low of 51.9% for warfarin to a high of 81.8% for statins, and there were no differences in medication adherence across income groups (Table 4 ).
Discussion
We found that individuals from lower income areas were less likely than those from high income areas to present within 3 hours of stroke onset and thus were less likely to receive thrombolysis, were less likely to be cared for on a stroke unit or by a neurologist, less likely to be referred to a stroke secondary prevention clinic at discharge, and less likely to have physician visits within 3 months of discharge. We found no differences in the amount of home care provided by nursing, physiotherapy, occupational therapy, or speech language pathology, and no differences in 1-year adherence to antihypertensive, lipid-lowering, or anticoagulant medications by income group. Previous studies have documented that socioeconomic status is inversely associated with mortality after stroke, and that this is only partially explained by differences in processes of care and measurable baseline factors. 14, 23, 30 Although the small differences in care that we observed across income groups are unlikely to contribute to major differences in survival after stroke, it is concerning that in each case care was slightly better for those in the higher compared with the lower income groups. All patients in our study received care at regional stroke centers, so the findings cannot be attributed to variability in the availability of specialized stroke resources, and it is possible that gaps in care between low-and highincome groups would have been more marked with the inclusion of patients from other types of hospitals. Both stroke unit and vascular neurologist care have been associated with improved patient outcomes, and stroke secondary prevention clinics provide counseling, education, and monitoring of treatment adherence that may be particularly valuable to lower income patients with a high prevalence of vascular risk factors. 31, 32 Because patients who receive thrombolysis are more likely to receive both stroke unit and neurologist care, it is possible that delays in presentation and subsequent ineligibility for thrombolysis contributed to lower rates of these services for those from lower income areas.
This study adds to the literature by providing information on care after the initial stroke hospitalization and by suggesting that there are no significant differences in the intensity of home care services provided by nursing, physiotherapy, and occupational therapy, and no differences in rates of discharge to inpatient rehabilitation facilities based on socioeconomic status. However, the finding of fewer physician visits after hospital discharge in those from low-income compared with higher-income areas is unanticipated, given the higher prevalence of comorbid illness and need for follow-up care in low-income groups, and contrasts with the findings from studies of patients with coronary artery disease, in whom lower income has been associated with increased resource use. 4 Multiple clinical trials have shown that treatment of hypertension, antithrombotic therapy, and lipid-lowering therapy reduce cardiovascular morbidity and mortality after stroke, and recommendations on the use of these medications have been incorporated into evidence-based guidelines for secondary stroke prevention. 33 High adherence to antihypertensive medications has been associated with both improved blood pressure control and with reduced mortality after stroke. [27] [28] [29] [30] 34 Our finding of similar rates of adherence across income groups to medications for secondary stroke prevention suggests that medication adherence is not a major contributor to socioeconomic status-related differences in outcomes after stroke. Of note, medication adherence was suboptimal in all patients, with high adherence rates at 1 year ranging from a low of 51.9% for warfarin to a high of 81.8% for statins.
Some study limitations merit comment. We used income as our marker of socioeconomic status, rather than education, wealth, or other measures. Although these measures are generally highly correlated, they may not be consistent in direction and magnitude for all outcomes. 12, 15 In addition, we used arealevel rather than individual-level measures of socioeconomic status. Although this may lead to underestimates of the impact of socioeconomic status on outcomes, such area-level income measures generally provide results that are complementary to those found using individual-level data, and reflect the availability of community resources, such as parks and schools, that may affect health. 35, 36 We used prescription data rather than pill counts or other measures to evaluate medication adherence. However, prescription data have been shown to correlate with estimates from home inventories and physician office records, and adherence based on prescription data has been correlated with a broad range of patient outcomes. 37, 38 Finally, our findings are based on data from specialized stroke centers within Ontario's organized system of stroke care and in the context of Canada's universal health care system and may not be generalizable to other jurisdictions or health care settings.
This study suggests that individuals from lower-income areas could benefit from focused education about stroke warning signs and the importance of timely assessment, and that strategies are needed to improve medication adherence in all income groups. Health care systems and providers should work to reduce income-related disparities in stroke care both during and after the index hospitalization.
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